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Motivation

NL/LRHA requires ground motions to evaluate
structural performance.
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Research Question

The goal of running RHA is reliable prediction of structural demands

Physics-based simulated ground motions How can physics-based simulated ground motions be

. reliably used for structural performance assessment?
have emerged as a complementary option:

> Local hazard Q1. If the mean spectrum of a region-specific
ground motion suite closely matches the
target spectrum, how well does it represent

structural response?

» High spatial resolution

Q2. Are event-specific simulations
necessary, or can simulations from other
events in the same region provide reliable
estimates?

PEER-LBNL simulated ground motion Database



Workflow

!  Site Selection

|
|
|
!
|
|
!
|
!
|
|
!
|
|
!
|
!
|

v' SF Bay Area

v' Building with
recorded
earthquakes

v' Sufficient
information to
develop model

-

S e e e e e e e e e -

- -

\ ;” Model Calibration \\ ’,’, Validation of Simulated Ground Motions
o Ly
I X 1989 Loma Prieta earthquake X ]
P ! Recorded basement GM + floor response X Simulated GMs SallaEiag
1 o :ffn':/'aDP';"ielt;O Model : Other EDP
I : \ 1| simulation
I ¥ |
b Recorded | ||

' ecorde o !
I .| Basement GM input [ ] 1
I :[ ] responses ) 11 | Recorded IDR IDR J

| L (ground truth) drift profiles

i) ]

I s e |
: X OpenSeesPy 3D o |
I ' model o

' -story steel building ' omparison and validation |
| \4 | buildi C i d validati

- Differential | |
I Evolution | |
[ : - imization' |
: ‘\ Calibrated OPtlmlzatlon' “ o i
I \\ model "’ \\ ey in Ing

A A ,, ~

- e e e e e e e e e e e -

e e e e e e e e e e e = e e e = e e = e = e = e = = = = = -



Case Study Site
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Berkeley_2018 4.4 28.3 Description: 4-story building with steel moment-resisting frames
LomaPrieta_1989 6.9 84.8 . . . - .
Designed in 1972 under uniform building code in the 1970s
MorganHill_1984 6.2 771
SanLorenzo 2021 3.9 8.4 Instrumentation: 11 channels of accelerometers
Millbrae_2023 3.7 7.1 Records: 6 recorded events
SouthNapa_2014 6.0 63.2




OpenSees Model
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Model Calibration

3D Openseespy model

Validation of the model

ey Before optimization (Mean error = 12%)
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Final model

After optimization (Mean error = 2.24%)

Metric Recorded Opensees % Error 10
—8— Tightened optimization runs
. = = Baseline = 5.88%
X-period | ~— - Initial best = 3.88%
8 @ Tightened best = 2.24%
Y-period <
ut_l [y S . L T e
Peak roof o
acceleration-X I S
Peak roof g ’ \ N
. Best =
acceleration-Y : “
Peak roof drift-X
0 T T T T
Peak roof drift-Y ° " o = *
7




PEER-LBNL SGMD Data

TE 47 N Sources of Variability
2y 813 W%E » Realization-to-realization variability arises
' ! from rupture physics:

* rupture initiation
» slip distribution
* rupture evolution

37°39'N~ i » directivity effects
« waveform and spectral content
« Station-to-station variability arises from:
SoftASite * local site conditions
* basin effects
* regional velocity model differences
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Dataset Overview £ao]
* Hayward fault physics-based simulated ground motions from the
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Physics-based Loma Prieta Simulation

1989 Loma Prieta — Rupture Slip Distribution
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Spectral Acceleration, Sa (g)

Record Vs Simulation: Ground Motions
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Spectral Acceleration, Sa (g)

Record Vs Simulation: Ground Motions

LP Recorded Vs LP Simulted Ground motions

10° 4 "MMW 0.14 nw 0.15
__Wua. 0.13 w. 0.11
Al okl b\l
------------------- f.ﬁhh A 0.12 Rold bl 0.10
.r""“ A II“T"I"']T" m
_—_—J §
107!
0.25 oo 0.11
0.09 .~-_.4f_guw‘w-,\.,f~w et e et 0.10
).18 0.18
10724 )
== Target - Loma Prieta CHANOO3 !
= 1D Sim. Broadband
= 1D Sim. 5 Hz
—— 3D Sim. 5 Hz - Site A 0.22 1 0.20
== 3D Sim. 5 Hz - Site B ’
1073 == T1=0.7145s 0.21 0.1
-= T1=06675s
1072 107! 10! 0.24 L0185
Period (sec)
0.25 _.0.18
0.11 0.14
Simulated LP: X dir 1D
- -~ 1 -~ T 1 - T [ ‘* ‘* T+~ [ T ‘* T+ T T [ T ‘T T [ T T T [ T T T ]
0 20 40 60 80 0 20 40 60 80
Time (s) Time (s)
—— Observed Broadband GM 3D Sim. 5 Hz (nearby Rock site) GM R1 - Stn 2 R1-5tn4 R1 - Stn 6 -—--- Rl -Stn 8
—— 1D Sim. Broadband GM —— 3D Sim. 5 Hz (nearby Soft site) GM =~ -—---- R1-Stn3 - R1-Stn5 - R1 -Stn7 R1 -Stn 9

— 1D Sim. 5HzGM - R1-Stn1

11



Results: IDR (R1)

SGMD R1: Mean is under-predicting
SGMD R1: PGA match does not result in

LP Simulation:
3D simulation at soft soil overpredicting

3D simulation at hard soil underpredicting

1D is closer
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Spectral Acceleration, Sa (g)

Record Vs Simulation: Ground Motions

LP Recorded Vs SGMD R10 Ground motions
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Results: IDR (R10)

SGMD R10: Mean is representative

LP Simulation:
3D simulation at soft soil overpredicting

3D simulation at hard soil underpredicting

1D is closer

Spectral match at fundamental periods will provide

realistic estimates

Simulations from other events provide a better

estimate, given it captures the spectral parameters
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Spectral Acceleration, Sa (g)

Results: S

R2

Target vs Simulated Spectra
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Stations that predicts well are not the same for
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Results: GM features

Normalized Peak Ground Motion Intensity Measures — X (FN) Direction

(Normalized to 1989 Loma Prieta Reference | LBNL Realization 1)
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Results: GM features

Normalized Intensity Measure (GM / Loma Prieta)

Normalized Intensity Measure (GM / Loma Prieta)
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Pseudo-Spectral Acceleration (g)

Results: GM features

Response Spectra — X (EW) Direction

SGMD 9 Stations vs Loma Prieta Recorded (Event 1)

Response Spectra — Y (NS) Direction
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Conclusion & Future work

Key Conclusion

* Physics-based simulated ground motions show strong potential for realistic structural performance
assessment and response prediction.

* A close match of spectrum at the building’s fundamental periods provides realistic estimates.

* Simulations from other regional events can still provide representative structural response when key
spectral characteristics are captured.

* Proximity and site geology alone are not the driver but could be influential.

Future Work

* Investigate additional engineering demand parameters (floor acceleration, member demands)
« Study sensitivity to rupture realizations and site conditions

« Develop systematic criteria for selecting representative simulated ground motion suites
 Compare physics-based simulations with conventional ASCE 7 record-selection approaches
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